Abstract Black-billed magpies (Pica pica) are considered as a nest predator of game and non-game birds in Europe. In rural areas of Spain magpie control is commonly used as a management tool in small game hunting estates. Cagetraps with a magpie as a decoy are the legal method most commonly used for controlling magpies in Spain although its performance has not yet been experimentally tested. We evaluated the selectivity, efficiency, and the effect of different factors on capture rate of these traps for magpie control and determine the effect of magpie removal on magpie density. Only four out of 197 captures corresponded to non-target species, which were released unharmed. Since the release of non-target captures depends on the daily checking of the trap and the trapper commitment, in order to guarantee the efficiency and selectivity of this method traps should be revised daily by full time, qualified trappers. The efficiency of this method is high during the breeding season, reducing magpie density in the area where the control is performed. Highest capture rates were obtained in the first days after cage-traps setting. Neither the gender nor the origin (local or foreign) of the decoy significantly affected the capture rate. Among male decoys, experimentally increased testosterone levels did not increase capture rates. According to our results, the tested cage-traps with a living decoy could be employed as an efficient and selective method for magpie population management in Spain, when used by full time, qualified trappers.
Introduction
The effect of predators on species with high socioeconomic value frequently causes conflicts among social stakeholders (Thirgood et al. 2000; Sillero-Zubiri and Laurenson 2001) . Such conflicts have often caused the persecution of predators through illegal and non-selective methods (Delibes-Mateos 2006) , causing negative impacts on wildlife conservation (Villafuerte et al. 1998) .
Hunting of red-legged partridges (Alectoris rufa) is an activity of economic interest in many rural areas of central and southern Spain (Bernabeu 2000) . Predation is regarded in many of these areas as one of the main causes of the partridge populations decline (Vargas 2002) . Among the predators of red-legged partridges, corvids are assumed to have high impact on partridge nests (Yanes et al. 1998) and, consequently, they have been traditionally controlled. In these areas, the black-billed magpie (Pica pica) is the most abundant corvid species, and magpie control is commonly employed in small game hunting estates in Spain (Otero 1995) .
The black-billed magpie is a generalist species, living in a wide range of habitats (Birkhead 1991) . It feeds on a Communicated by C. Gortázar F. Díaz-Ruiz : J. T. García : L. Pérez-Rodríguez : P. Ferreras (*)
Instituto de Investigación en Recursos Cinegéticos, IREC (CSIC-UCLM-JCCM), Ronda de Toledo s/n, 13071 Ciudad Real, Spain e-mail: pablo.ferreras@uclm.es broad spectrum of food types: seeds, fruits, ground invertebrates, carrion, and small vertebrates. Eggs form only a small proportion of the magpie diet (Birkhead 1991; Martínez et al. 1992) , and the impact of magpies on bird populations is still controversial (Gooch et al. 1991; Thomson et al. 1998; Chiron and Julliard 2007) .
Some studies performed in Spain during the red-legged partridge breeding period suggested that most eggs consumed by magpies belong to red-legged partridges (77.8%, Herranz 2000) . According to artificial nest experiments, magpies may be locally the most important predator of redlegged partridge nests, (Blanco-Aguiar et al. 2001 ) and magpie abundance may be regionally the best indicator of nest predation probability (Ferreras et al. 2006) . Population dynamics of partridges can be negatively affected by nest predation (Potts 1980) , and hence in places where magpies reach high densities, their removal may increase the breeding success of red-legged partridges and other game bird species (Martínez de Castilla and Martínez 2004) .
Black-billed magpies are in expansion in Europe since 1960 (Birkhead 1991) and a positive trend of 25% has been reported in Spain between 1995 (SEO/BirdLife 2002 . Effective management tools for abundant populations of magpies can be therefore necessary for alleviating their pressure on declining species such as red-legged partridges in circumstances where predation on nests is particularly high.
Many methods have been traditionally used in Spain for capturing magpies, including currently forbidden methods such as eagle owls (Bubo bubo) as decoys combined with mist nests (Wang and Trost 2000) , glued branches (Boza 2002) , or poisoned baits, the latter frequently used in Spain over the last decades (Hernandez and Margalida 2009 ) and legally prohibited since 1989 (Law 4/1989 on Conservation of Natural Areas and Flora and Wildlife) to be massive and non-selective methods.
Currently, the methods legally employed for capturing magpies include shooting in communal roosts or driven hunting, nest destruction, and cage-traps. Among these, cage-traps with a magpie as a decoy is the most commonly used method, likely due to their efficiency and their ease to operate. Gamekeepers, hunters, and manufacturers assure that cage-traps with a magpie as a decoy are an effective and selective method for reducing magpie density. Popular recommendations for increasing the capture rate based on non-systematic observations include using foreign magpies (i.e., magpies originating from an area different from the one in which cages are being used) as decoys, and using them throughout the magpie breeding season. Also, these popular recommendations suggest to use male birds as decoys, as it is expected that their more active territorial behavior, which is highly determined by testosterone levels (Wingfield et al. 1987) , will be more effective in attracting conspecifics to traps. However, no experimental studies have tested these recommendations. On the other hand, conservationists claim that cage-traps aimed to capture magpies are often not selective and may negatively affect other species, particularly raptors, which enter into the traps trying to capture the decoy.
The objectives of the present study were (1) to assess the selectivity of cage-traps; (2) to evaluate the efficiency of cage-traps with a living decoy to capture black-billed magpies; (3) to determine the effect on the capture rate of several factors such as the gender and testosterone levels of decoys, the origin of decoys, the trapping season, and the permanence time of traps in the same place; and (4) to determine the effect of magpie removal on magpie density.
Study area
The study was carried out in two hunting estates located in Castilla-La Mancha (Central Spain) during spring and autumn 2006. Area 1 (960 ha) was placed in the province of Ciudad Real, within an agricultural-dominated landscape. Natural vegetation layers were primarily bushes and some trees associated to riparian areas. Hunting is an important activity in this area, where the main game species are the Iberian hare (Lepus granatensis), the wild rabbit (Oryctolagus cuniculus), and the red-legged partridge. Magpies were not systematically controlled before the study, although they were occasionally shot during the hunting season. Area 2 (547 ha), located in the province of Toledo, was also dominated by agricultural landscape, and bushes and some trees were associated with hedgerows. The main game species were the Iberian hare and the wild rabbit; the density of the red-legged partridge was low and hence it was not among the main game species. Magpies were not controlled in this study area prior to this study. Magpie density before the breeding season was similar in the two study areas (see below).
Materials and methods

Magpie trapping
We evaluated the efficiency of four different models of cage-traps commonly used in Spain for capturing magpies, all of them using a live magpie as decoy. Cage-traps have one central chamber for the decoy and several capture chambers around the decoy chamber, employing a guillotine-type door as capture system. Models 1-3 had four capture chambers, octagonal prism structure, and similar size (approximately 85×85×35 cm, length × width × height; See Appendix). Model 4 had two capture chambers and rectangular prism structure (model 4, 90×30×30 cm, length × width × height; See Appendix). All cage-traps were made of metallic mesh of variable gauge, thick (3 mm) in model 1, medium (1.9 mm) in model 3, and light (1 mm) in models 2 and 4.
Cage-traps were located near magpie nests (<50 m). For this purpose, nests were searched previous to the spring trapping experiments (February-March). Magpie nests are easily found during this season because deciduous trees lack leaves; magpie nests are large, distinctive, and conspicuous (Birkhead 1991); and pairs are very active building and defending the nest. Traps were separated at least 50 m among them, and under tree or shrub shade to avoid sunstroke of the decoy and captured animals in the central hours of the day. All cage-traps were checked daily in the morning, all captures removed, and the decoy was provided with food and water ad libitum.
In order to compare the effect of different factors on traps performance we defined capture rate as the average number of magpies captured per day that a trap is operative (International Organization for Standardization 1999).
Testosterone manipulation
Testosterone causes aggressive and territorial behavior in male birds (Wingfield et al. 1987) , which could affect the capture efficiency of decoys. For this reason, ten male decoys, sexed through molecular techniques from blood samples (Fridolfsson and Ellegren 1999) , were experimentally provided with testosterone implants. Implants consisted in 10-mm long silastic tubes (inner diameter of 1.47 mm, outer diameter of 1.97 mm) filled with crystallized testosterone (T-males; ICN Biomedicals, Irvine, CA, USA) or empty (C-males). These tubes were subcutaneously implanted in the dorsal zone between the wings (Blas et al. 2006) . To assess the efficiency of testosterone implants in creating significant differences in testosterone levels between T-males and C-males, we collected 0.3 ml of blood from the brachial vein of all birds before and 5 days after implantation. Blood samples were stored cold (4°C) and centrifuged within 4 h, and plasma was subsequently stored at −80°C until testosterone quantification. Plasma testosterone concentration was measured using a commercially available testosterone enzyme immunoassay (Elisa Kit EIA-1559 from DRG Diagnostics, Marburg, Germany). Before implanting, C-and T-males did not differ in plasma testosterone levels (t test, t=0.87, p=0.39). However, after implanting, T-males showed higher testosterone levels than C-males (2.3 ± 0.11 (SE) and 1.04 ± 0.13 (SE) ng/ml, respectively; t test, t=8.53, p<0.05). Testosterone levels of T-males after implantation were within the range found in control birds or all birds before manipulation. Although testosterone levels where not measured again during the rest of the experiment, our previous experiences indicate that implants of this size are fully active during at least 50 days. In addition, the visual inspection of implants through the skin indicated that they were still active (i.e. they were partially filled with testosterone) during the whole extension of the experiment.
Experimental design
Four experiments were designed to test the effect of different factors on capture rate (Table 1) . Experiments 1, 2, and 4 consisted of n (2-4) blocks or groups of traps of the same model. Each block included one trap of each treatment. For instance, each block in experiment 1 consisted of one trap with female decoy, one trap with Tmale decoy, and one trap with C-male decoy. Experiment 3 consisted in a single block of nine traps of models 1, 2, and 3 (all with four capture chambers). Traps belonging to one block were set in the same area separated at least 50 m.
-Experiment 1 was performed during spring in Area 1, using three decoy types: females (F), control males (CM), and males implanted with testosterone (TM). All decoys were from foreign origin. Fifteen cage-traps were installed and remained active for 13 days. The following variables were evaluated with this experiment: trap model, gender, and testosterone of decoy and days since trap placement. Moreover, the effect of magpie removals on magpie density was examined together with data from experiments 2 and 4. -Experiment 2 was performed during spring in Area 1, using F and CM decoys with different origins, local (L) and foreign (F). Sixteen cage-traps were installed and remained active for 10 days. In this experiment we evaluated the following variables: trap model, gender and origin of decoys, and days since trap placement. Moreover, the effect of magpie removal on magpie density was examined together with data from experiments 1 and 4. -Experiment 3 was performed during autumn in Area 1, using F and CM decoys, all from local origin. We installed nine cage-traps that remain active for 20 days. This experiment was used for evaluating trapping season, together with experiments 1 and 2. -Experiment 4 was performed during the spring season in Area 2, using three types of decoy: F, CM, and TM, all decoys from foreign origin. We installed 12 cagetraps that remained active during14 days. In this experiment we evaluated trap model, the gender, and testosterone of decoy. Moreover, the effect of magpie removal on magpie density was examined together with data from experiments 1 and 2.
Handling of captures Captured animals were examined for possible trap-related injuries. Non-target species were checked for injuries and released in the capture site. Trap selectivity was defined as the proportion of captured magpies in relation to the total number (target and non-target) of captured animals (International Organization for Standardization 1999). The captured magpies were euthanized through an intraperitoneal injection of sodium pentobarbitone (200 mg/ml Dolethal Vetoquinol), as recommended for birds (Close et al. 1997) . Data from necropsy of captured magpies (age, gender, and physical condition) were used for further studies (authors, in preparation). Some captured magpies were kept alive and used as decoys in further experiments, once sexed through molecular techniques from blood samples (Fridolfsson and Ellegren 1999) . Those magpies used as decoys in the same study area where they were captured were considered as "local decoys", whereas those captured elsewhere were considered as "foreign decoys".
Magpie density estimation
The density of magpies in both study areas was estimated with the distance-sampling method (Burnham et al. 1980) , which has been successfully employed to estimate the density of a number of bird species, including magpies (Newson et al. 2008) . We employed the Fourier series estimator as detection function. Surveys were carried out once a week during the trapping period, following a fixed route (21 km in Area 1 and 12 km in Area 2) with high visibility, starting 2 h after sunrise. We indirectly assessed the effect of magpie removal on population density (experiment 1 and 2, in study area 1 and experiment 4 in study area 2) by relating the changes in the density of magpies with the number of animals captured in our cagetraps. Raptor and corvid species observed during line transects were recorded in order to assess the abundance 
Data analysis
We first modeled daily capture rate (number of magpies trapped each day that a trap was active) using data from both study areas during spring (experiments 1, 2, and 4). Fixed factors included in this model were: number of days since the trap was installed and decoy origin (local or foreign). Study area, experimental block, and trap location (a categorical variable identifying each trap position) were included as random effects. Trap location was nested within experimental block, because these random effects are not independent. Generalized mixed models with a Poisson error term and a log-link function were used for this and for the remaining analyses of factors affecting capture rate (see below). Since the amount of time each cage trap was active differed among experiments (see Table 1 ) and capture rate was significantly affected by time since trap installation (see "Results"), we only considered in further analyses of spring data the captures obtained during the first 5 days after trap installation, when highest capture rates were obtained (see "Results"). This way, we controlled for experiment duration and did not include this variable in further models of spring data. In order to test for variation in capture rate among experimental treatments, we modeled the number of magpie captures in the first 5 days after trap installation, using data from spring experiments (experiments 1, 2, and 4), and the following explanatory factors: trap model (a categorical factor with four levels), type of decoy (female, control-male, and testosterone-male), decoy origin (local or foreign), and study area (1 or 2). Models were fitted to all the data from experiments 1, 2, and 4. We ranked the obtained models according to their Akaike Information Criterion value (AIC) with respect to the principle of parsimony (Akaike 1973; Burnham and Anderson 1998) . The statistical significance of the parameters estimated was assessed using the Wald test.
Finally, the effect of season on capture rate was analyzed including only data from study area 1, where trapping was performed both in spring (experiments 1 and 2) and in autumn (experiment 3). Since the decay of capture rate along time since trap installation could differ between seasons, we considered the daily capture rate as dependent variable, and fitted generalized linear models to these data, including day since trap installation, season, and their interaction as fixed effects.
Results
Selectivity
A total effort of 708 trap-days during spring and autumn 2006 produced the capture of 193 magpies and four individuals of non-target species, which indicate a high selectivity of the trapping method (97.9% captures of the target species). Non-target captures were common buzzard (Buteo buteo), genet (Genetta genetta), Western hedgehog (Erinaceus europaeus), and red-legged partridge. None of these captured animals resulted injured and they were released in the capture site. Despite the low capture rate of non-target species, several medium raptors, potential predators of magpies, were frequently seen in the surroundings (<100 m) of the traps during the daily checks and during the weekly transects for magpie density estimation ( Table 2) .
Effect of trapping time on capture rate
Average capture rate during spring was 0.32 magpies/trapdays (see Table 3 ). We checked for overdispersion in the data, and extra-dispersion scale was close to 1 (0.9), therefore it was not necessary to correct for this factor and the use of Poisson errors was appropriate for modeling capture rates. Capture rate significantly decreased over time since trap installation (Table 4 , Fig. 1 ). Other significant term included in the models was the interaction between time and decoy origin (see Table 4 ). According to this, local decoys provided higher capture rate than foreign decoys during the first days, but lower during later days (Fig. 2) . Study area, block and trap location, included as random terms, did not result significant.
Effects of type of decoy and trap model on capture rate during spring
The following analysis focused on the number of magpies captured during the first 5 days after trap installation, when capture rate is highest in all the experiments (see Figs. 1  and 2) . None of the factors considered (trap type, gendertestosterone, and decoy origin) resulted significant in the models (Table 5 ). However, trap type was included in the five models with lowest AIC and had the highest sum of Akaike weight (Tables 5 and 6 ). The trap types with four capture chambers tend to have higher capture rates than the model with two capture chambers (Fig. 3) .
Effect of season
Average capture rate in study area 1 during autumn (experiment 3) was lower (0.14 magpies/trap-day) than during spring (0.26 magpie/trap-day; see Table 3 , Fig. 1 ). However, only days since trap installation, but not season, resulted significant in generalized models including data from spring and autumn in study area 1 (Table 7) .
Effect of captures on magpie density
Magpie density before the breeding season was estimated as 0.23±0.06 magpies/ha in study area 1 and 0.39±0.09 magpies/ha in study area 2. The magpies removal during the breeding season (spring) was followed by a decline in magpie density in both study areas (see Fig. 4 ). In area 1 the initial density declined coinciding with the first 60 magpies removed. Despite magpie density increased in the fourth census, the density at the end of the trapping season was lower than the initial density (Fig. 4a) . After the trapping ceased, magpie density tended to increase. In area 2, the effect of trapping is clearer than in area 1. There, the initial density of magpies was reduced following the trapping season (Fig. 4b) , and did not increase after the end of the trapping season.
Discussion
The tested traps are highly selective for the capture of magpies, according to our results (98% selectivity). This is not the result of the absence of species susceptible to be captured in the traps. Both systematic and non-systematic surveys indicate that species susceptible to enter the traps are abundant in the study areas (See Table 2 ). This is the case of magpie predators, such as medium-size raptors, and magpie competitors, such as other corvids (e.g. Jackdaw, Corvus monedula, Högstedt 1980). Only a common buzzard was captured in the traps among the medium-size raptors able to capture magpies that were observed (Accipiter nisus, Circus sp., B. buteo). However, we did not detect in any of the study areas the presence of goshawk (Accipiter gentilis), a reputed magpie predator (Mañosa 1994) , which likely would enter the traps. Some small carnivores (G. genetta, Martes foina, Mustela nivalis, and Mustela putorius) which could be attracted by the decoy and captured in these traps, are likely present in the study areas according to distribution atlas (Palomo et al. 2007 ), although we lack quantitative data on their abundance. However, only a common genet was captured during the study.
The release of non-target animals captured in magpie traps, when used as a management tool, depends totally on the trapper commitment, as it happens with other traps used for predator control (Duarte and Vargas 2001) . Because of that, the training and the awareness of the trappers are necessary to guarantee the release of nontarget captures. Traps must be checked daily to prevent long restraint periods which can reduce the animal welfare and eventually cause the death of both target and nontarget species.
The assessed traps resulted highly effective for the capture of magpies during the breeding season, producing an average capture rate of 0.32 magpies/trap and day. The daily capture rate was highest during the first day after trap installation (0.73-0.87 magpies/trap; Fig. 1 ). These values are much higher than those obtained in 1-day attempts with bal-chatri traps using an adult female as decoy (0.43; Wang and Trost 2000) , although other factors such as magpie density could have affected capture rate.
The trap type was included in the best models of capture rate during the first 5 days, although it was not a significant term. In fact, number of capture chambers seems to increase the capture rate (although not significantly), since trap models with four chambers tended to provide more captures than the model with two capture chambers (Fig. 3) .
The popular recommendation of using foreign magpies as decoys to increase captures is not supported by our data, since the origin of the decoy seems not to affect the capture rate. In fact, we obtained a similar number of captures when using the first magpie captured as decoy in the trap where it was captured (authors unpublished, data not included). Although both magpie males and females defend territories, this behavior is more conspicuous in males (Baeyens 1981; Birkhead 1991) . However, neither the gender of the decoy nor the testosterone level affected significantly the capture rate (Table 5) . Therefore, our data do not support the popular assumption about increasing captures by using male decoys from distant populations.
The lower capture rate in autumn compared to spring (Table 3 ) could be explained, at least partially, by the lower density just before autumn trapping period (0.17 and 0.23 magpies/ha, respectively for autumn and spring in study area 1). This lower density in autumn is probably a result of the magpies removed during the experimental trapping in spring. Also during autumn and winter, magpies are more sociable and not so aggressive when defending their territory (Eden 1989; Birkhead 1991) . This lower territoriality during the non-breeding season can also explain the lower tendency of magpies to enter the traps. Recent studies show that predator control often do not reduce local predator abundances (Baker and Harris 2006; Beja et al. 2009 ). However, in our study, there was a strong decline in one area, whereas in the other the pattern was unclear (Fig. 4) . In the study area 2, we observed an increase in magpie density 1 week after trapping started, which was followed by a density decrease during the next week (Fig. 4b) . In both areas, these density fluctuations are probably due to sampling variability.
In any case, in both study areas trapping was able to reduce magpie density during the breeding season of game species such as red-legged partridge and therefore the potential predation impact upon nests reduced.
Management implications
The use of non-selective, illegal methods for predator control in Spain is one of the main causes of mortality for many predator species, both mammals and birds, some of them endangered (Villafuerte et al. 1998) . Therefore, it is necessary to identify selective methods for predator control to be used as management and conservation tools in particular situations of high abundance of generalist, nonprotected predators. Such is the case of the traps tested in the present study, which have resulted highly selective and efficient. Some recommendations for using this type of traps for managing magpie populations can be drawn from our results. The breeding season is the most appropriate for effectively control magpie populations with these traps, since capture rate is higher in this period, the magpie density of unmanaged populations is lowest just before breeding and easier to be controlled. On the other hand, this period coincides with nesting of most bird species, including red-legged partridges, reducing in this way nest losses due to magpie predation. Traps located in the proximity of magpie nests are highly effective but their efficiency would increase if they are moved to a new location after 4-5 days. Either local or foreign magpies of any gender can be used as decoys in the traps with similar results in capture rate. Traps should be checked daily in order to avoid the reduction of welfare of captures and the personnel in charge of setting and manipulating these traps must be encouraged to liberate individuals of non-target species. Other likely side effects of the traps assessed should be considered before their generalized use. For instance, the effect of the reduction of magpie populations on Great spotted cuckoo populations (Clamator glandarius), a nest parasite specialized on magpie nests (Soler et al. 1996) , should be scientifically evaluated and taken into account when authorizing the use of traps for magpie control.
